Breeding work using European rye populations has resulted in a considerable reduction of genetic variation in breeding materials of that species. Many taxa from the genus Secale may constitute a potential source of genetic variation in rye breeding. A source of new genetic variation can be found in such species as Secale montanum and Secale vavilovii, which are sources of resistance to fusarium ear blight and septoria leaf blotch, while Secale vavilovii may also be a source of sterilising cytoplasm. The aim of this study was to assess the efficiency of crossing the wild species Secale vavilovii and the rye subspecies Secale cereale subsp. afghanicum, Secale cereale subsp. ancestrale, Secale cereale subsp. dighoricum, Secale cereale subsp. segetale with the crop species Secale cereale ssp. cereale, and to produce F 1 hybrids and describe selected morphological traits. Observations of biometric traits indicate that the F 1 crosses produced may be potential sources of variation for common rye. The greatest variation in terms of all analysed phenotypic traits combined was found for the cross combinations S. c. ssp. cereale cv. Amilo × S. c. ssp. ancestrale and S. c. ssp. cereale cv. Dańkowskie Diament × S. c. ssp. dighoricum. The hybrids showed considerable variation in the analysed biometric traits within individual cross combinations.
Introduction
Breeding work using European rye populations has resulted in a considerable reduction of genetic variation in breeding materials of that species. The problem of the need to increase the genetic variation of rye has been analysed for many years, and wild species and subspecies of rye constitute a potential source of genes for economic traits. Few taxa from the genus Secale are crop species, but many may constitute a potential source of genetic variation in rye breeding.
Interspecific crossing is a conventional and alternative method to genetic engineering techniques, being applied more and more commonly in the improvement of cereal cultivars (Feuillet et al., 2007; Pilch, 2011) .
Changing requirements in contemporary plant breeding have resulted in renewed interest in the use of wild species to increase genetic variation in cereals, as rye cultivars have a significantly reduced genetic variation. It is desirable in this regard to focus particularly on such species as Secale montanum and Secale vavilovii, which are sources of resistance to fusarium ear blight and septoria leaf blotch, while Secale vavilovii may also be a source of sterilising cytoplasm in rye breeding (Pilch, 2011) . In view of climate change and new biotic and abiotic stresses, there is a need to investigate related wild species and subspecies of rye, searching for new alleles of genes which may in the near future provide improved yields and quality of that cereal (Feuillet et al., 2007) . Introgression of genes from wild species and restorer genes from primitive Iranian populations to rye cultivars may also lead to changes in yield levels and improved grain quality, as well as facilitating the application of the heterosis effect in the development of new cultivars (Falke et al., 2008; Pilch, 2011 ).
Rye is a cereal which remains an economically important species in areas of temperate climate and poor, acidified soils. The grain may be used in three main areas: for human consumption, as fodder, and for industrial purposes. There is a particular need to focus on the use of rye in the production of food with enhanced dietary value, alleviating the adverse effects of the so-called diseases of civilisation or lifestyle. Another aspect of the utilisation of this species is the use of rye straw as a potential energy source and a component in the production of particleboards (Jankiewicz, 2006) .
Rye as a crop exhibits high tolerance to low temperatures, drought, salinity and acidity and to stress induced by aluminium ions, as well as disease resistance. The primary objectives in rye breeding are focused on grain yield, reduced culm length and resistance to sprouting, drought stress tolerance and nitrogen deficit, tolerance of soil acidity and high concentrations of aluminium, zinc and sodium ions, flour strength, feed quality, production of ethanol and biomethane, as well as the use of rye as a fodder crop (Geiger and Miedaner, 2009 ). Since one of the primary breeding objectives is connected with broadly defined abiotic stress, it is advisable to search for sources of tolerance in wild species from the genus Secale.
The changing needs and requirements of contemporary plant breeding, including breeding based on the heterosis effect, has resulted in renewed interest in wild species and subspecies of rye as potential donors of genes for functional traits. The present study assessed the suitability of rarely used wild species and subspecies of rye as components in distant crossings with cultivars of Secale cereale ssp. cereale. The aim was to enhance genetic variation in existing gene resources, based on wild species which had not been used previously as sources 
Materials and Methods

Material for interspecific crossing within the genus
where: y ij is the jth observation of the ith hybrid,  is the grand mean,  i is the effect of the ith hybrid, and  ij is an error observation. The results were also analysed using multivariate methods (Caliński and Kaczmarek, 1973; Rencher, 1992) . Analysis of canonical variables was applied in order to present a multitrait assessment of the similarity of tested hybrid combinations and the control cultivar Dańkowskie Diament in a lower number of dimensions with the least possible loss of information (Rencher, 1992) . This makes it possible to illustrate variation in combinations of hybrids and the cultivar Dańkowskie Diament in graphical form in terms of seven traits.
Mahalanobis' distance was suggested as a measure of "polytrait" hybrid similarity (Seidler-Łożykowska and Bocianowski, 2012), whose significance was verified by means of the critical value D α called the "least significant distance" (Mahalanobis, 1936) . All analysis was performed using the GenStat v.
15 statistical software package (Payne et al., 2012) .
Results
In particular interspecific cross combinations, between 76 and 488 spikelets were pollinated and a total of 652 kernels were obtained (Table 1 ). The highest number of kernels (80) (Table 2) . Mean values the observed phenotypic traits indicate high variation among the tested F 1 hybrids, for which significant differences were found in all of the analysed morphological traits ( (Table 5) . 
Discussion
The crop species Secale cereale ssp. cereale is a cereal grown mainly in Central and Eastern Europe, in areas requiring first of all tolerance of long and freezing winters and poor quality soils (sandy, acidified and with water deficits).
Subspecies which constitute a potential source of new genetic variation for rye cultivars include Secale cereale ssp. afghanicum, ancestrale, dighoricum, segetale; to these may be added the species Secale vavilovii according to the taxonomic classification of Hammer (Hammer et al., 1987; Hammer, 1990) .
Over 22,000 rye genotypes are deposited in gene banks worldwide, of which three-quarters originate from European collections, and these forms may be used to enrich the gene pool of rye (Knüpffer, 2011) . The potential for the application of wild species as a source of variation for the generation of new input materials and further breeding requires observations of several yield-forming traits, influencing the economic traits of cultivars. For rye these include such traits as plant height, the number of productive culms, the length of the main spike, spike density and the number of kernels per spike. Mackiewicz and Broda (2004) observed that the crosses they produced were taller than the control cultivar Dańkowskie Złote, similarly as in the results presented here, where the control cultivar Dańkowskie Diament was less tall than the 20 analysed cross combinations. Śmiałowski and Węgrzyn (2003) indicated that heritability sensu stricto h 2 (w) was low for most investigated traits (plant height, the number of kernels per spike, spike length) except for the number of kernels per spike, shank length and TKW, while heritability sensu lato h 2 (s) was high for most investigated traits. The authors pointed out that the establishment of advantageous traits may be difficult in view of the low heritability of certain traits. In this study F 1 hybrids showed statistically significant negative correlations for such traits as the number of spikelets in the main spike with the number of productive culms, the number of productive culms with spike density, as well as spike density with the number of kernels per plant, which confirms the observations reported by Śmiałowski and Węgrzyn (2003) and may limit the potential applicability of crosses of rye cultivars with wild species and subspecies as sources of genetic variation.
For a species with a limited genetic pool, such as rye, distant crossings remain necessary sources of genes for economic traits. Some of the most important groups of genes searched for in wild rye forms include genes of resistance to biotic stresses -resistance to diseases and pests, genes related to abiotic stresses, as well as cytoplasmic male sterility and restorers for heterosis breeding. Further issues currently of primary concern in the selection process relate to the improvement of quality attributes, particularly those affecting flour strength and the nutritive value of rye products as a functional food preventing diseases of civilisation or lifestyle.
Conclusion
Observations of biometric traits indicate that the F 1 crosses produced may be potential sources of variation for common rye.
 The greatest variation in terms of all analysed phenotypic traits combined was found for the cross combinations Secale cereale ssp. cereale cv. Amilo × Secale cereale ssp. ancestrale and Secale cereale ssp. cereale cv.
Dańkowskie Diament × Secale cereale ssp. dighoricum.
 Hybrids of the F 1 generation showed considerable variation in the analysed biometric traits within individual cross combinations.
